The maintenance energy requirement (MEm) of pregnant rats and net energetic efficiency for fetal growth during late pregnancy were examined by regression analysis. Pregnant rats, weighing about 180 g, were fed on 20% casein diet during early-mid pregnancy and then divided into three groups ad libitum-fed, 50% food restricted, or starved. A linear relation between the energy balance (Y, kcal/100g BW/day) and the metabolizable energy intake (X, kcal/100g BW/day) was obtained as Y=0.81 X-14.83 (n: 17, r=+0.99, p<0.001).
subtracting the energy expenditure (measured daily indirectly) from the metaboliz able energy intake. In the starved group, the energy in sesame oil containing ovarian steroids was considered as intake energy (see Table 4 ). The net efficiency of utilization of metabolizable energy for growth was determined by regression analysis of the energy balance at various intakes of metabolizable energy. The slope of the equation derived from the linear relation between the two variables represents the net energetic efficiency (3) . However, this value was not the efficiency for fetal growth alone, because normal maternal rats retained metabolizable energy not only in their conceptuses but also in their body . Thus, the net energetic efficiency for fetal growth was calculated as follows:
Let k1 and k2 be the fractional efficiencies for fetal growth and maternal growth, respectively. E1 and E2 be the energy retained in conceptuses and dam's body, respectively and MEg1 and MEg2 be the fractional metabolizable energy for fetal and maternal growth, respectively. Then , k1=E1/MEg1 and k2=E2/MEg2. Alternatively, k=(E1+E2)/(MEg1+MEg2), where k is the net efficiency for growth as a whole.
Rearranging the above equation (1) The constants k and k2 were measured in pregnant and nonpregnant rats, respectively, by regression analysis and El was determined calorimetrically. E2 was calculated by subtracting El from the total energy retained, determined by the balance method.
RESULTS
Changes in food intake and body weight Table 1 shows the food intake and changes in body weight of the respective groups of rats during pregnancy. The ad libitum group ate 217 and 94 g of diet during the first 15 days and the following 6 days of pregnancy, respectively, and their body weight increased from 178 to 303g. The maternal body weights on days 16 and 22 were 234 and 237g, respectively, showing slight growth of the dam's body during late pregnancy. The body weight of the restricted group increased during late pregnancy, but less than that for the ad libitum group. The starved group lost 29g of body weight during the 6days.
Reproductive performance The reproductive performances on days 16 and 22 of pregnancy are shown in Table 2 . In normal pregnancy, growth of the products of conception was marked in the terminal period of pregnancy. Despite 5000 food restriction, fetal growth of the restricted group was comparable with that of the ad libitum group. Small, but viable litters were obtained from the starved group, indicating that nutrients were transferred from the maternal body to the fetuses.
Body composition and body energy contents Table 3 shows data on the maternal body composition and energy contents in dams and conceptuses on days 16 and 22 of pregnancy. In the ad libitum group, the percentages of protein and fat in the maternal body were 20.0 and 14.6%, respectively, on day 16, and 19.0 and 18.0%, respectively, on day 22, indicating marked fat deposition during late pregnancy. In the restricted and starved groups, the percentages of maternal fat were 13.3 and 10.5%, respectively, at term. Reflecting the fat concentration and body weight of the dams, their energy contents were 544 kcal on day 16 and 618, 449 and 331 kcal at term in the ad libitum, restricted and starved groups, respectively. On day 22, the conceptuses from the ad libitum and restricted groups contained about 43 kcal of energy, whereas those of the starved group contained about 24 kcal.
Energy balance
Data on the energy balance in early, mid and late pregnancies are shown in Table 4 . In normal pregnancy daily energy intake (kcal/day) increased with advance in pregnancy, except in the last 1 or 2 days. Although energy expenditure also continued to increase, energy balance was positive throughout pregnancy, being 9.1, 10.5 and 7.2kcal/day in early, mid and late pregnancy, respectively. The restricted group retained 5.4 and 13.6 kcal of energy daily in early and mid pregnancy, respectively, because they were fed ad libitum in these periods. Despite 50% food restriction in late pregnancy, decrease in their energy expenditure was not so marked that energy balance was negative, being -14.1 kcal/day. The energy balance in starved animals during late pregnancy was -32.6kcal/day. The energy balances of animals in late pregnancy were positively correlated to their energy intakes, because changes in energy expenditure due to dietary manipulation were not so large as those in energy intake.
Partition of retained energy during early-mid and late pregnancies between con ceptuses and the maternal body Table 5 shows the energy gains during early-mid and late pregnancies . Energy retention in rats fed ad libitum in early-mid pregnancy was calculated as 9.8kcal/day (see Table 4 ). Of the 9.8kcal, only 0.4 kcal of energy (4%) was deposited in the products of conception. In late pregnancy, normal animals retained 7.2 kcal of energy daily, of which 6.1 and 1.1 kcal were found in the reproductive organs and maternal body, respectively. Although the restricted group lost 14.1kcal/day during late pregnancy, their products of conception gained 6.2kcal/day, which was comparable to the gain in the ad libitum group. This finding indicates that energy was transferred from the maternal body to the conceptuses. Net energy loss of the dam's body amounted to 20.3kcal daily. Starvation during late pregnancy resulted in a remarkably negative energy balance, but 2.9kcal of energy was transferred to the reproductive organs at the expense of the maternal body.
Energy requirement for maintenance during late pregnancy and net efficiency of energy utilization for fetus formation Figure 1 shows a positive correlation between the energy balance (Y , kcal/100g Fig. 1 . Relation between energy intake and energy balance (pregnant). Metabolizable energy (ME)=ME for maintenance (MEm)+ME for growth (MEg). Energy balance=ME-energy expenditure=energy deposited (Ed). Net energetic efficiency for growth=Ed/MEg=0.81.
BW/day) and the metabolizable energy intake (X, kcal/100g BW/day) during late pregnancy. The equation for the regression line is Y=0.81 X-14.83 (n: 17, r= +0.99, p<0.001). From this equation, the maintenance energy, the X-intercept of the line, was estimated as 18.31kcal/100g BW/day. In addition, this equation shows that the net energetic efficiency for growth is 81%. This value is similar to that which we determined for weanling rats (4). However, this value does not represent the energetic efficiency for fetal growth, because pregnant rats retained energy not only in their reproductive organs but also in their body, as shown in Table 5 . The net energetic efficiency for fetal growth (k1) was calculated by Eq. (1) described in MATERIALS AND METHODS, assuming that the energetic efficiency for maternal growth (k2) during late pregnancy is the same as that of size and age matched nonpregnant animals. The regression equation between the energy balance (X) and the metabolizable energy intake (Y) was obtained in nonpregnant animals as follows: Y= 0.78X-13.26 (n: 12, r=+0.99, p<0.001), indicating that k2 was 78%. By Eq. (1), the net energetic efficiency for fetal growth was calculated as follows:
The value of 82% for net energetic efficiency for fetal growth was comparable to that in postweanling growing rats (4).
DISCUSSION
In general, rapidly growing animals, including pregnant animals, acquire extra nutrients for growth by spontaneous increase in food intake. In connection with the growth of these animals, it is important to determine whether their utilization efficiencies of nutrients increase. Previously, we (1) and others (2) observed that the products of conception grew markedly during late pregnancy in normal pregnant rats, despite terminal anorexia. Thus, special attention was focussed on the utilization efficiency of metabolizable energy in this period.
Evidence for increased energetic efficiency has been obtained in pregnant mice (5), rats (6) and sows (7) fed ad libitum; however, the gross efficiency the ratio of the energy deposited in the whole body or in the conceptuses to the metabolizable energy intake during pregnancy was estimated in these studies. Values of gross energetic efficiency for growth of products of conception are approximate and variable because partition of the metabolizable energy into maintenance (fasting heat production, diet-induced thermogenesis, and physical activities) and deposition is influenced by many factors other than pregnancy.
The net energetic efficiency, the ratio of the energy deposited in the body to the metabolizable energy above the maintenance requirement, is a more direct and substantial measure than gross efficiency. From the regression equations relating energy retention to metabolizable energy intake during pregnancy, Close et al. (8) and Burlacu et al. (9) estimated the net energetic efficiency for energy deposition in pregnant sows as a whole, as 67 and 87%, respectively. In pregnant animals, however, part of the metabolizable energy is retained in the maternal body and part is transferred to the conceptuses. Thus the above values for net efficiency are values for the combined efficiencies of energy deposited in the two compartments. Recently, Close et al. (10) reported that the net efficiency for energy deposition in the reproductive tissues was 72%. This value was calculated from the partition of total energy retention into net maternal and reproductive components (protein and fat). In the present study we obtained a value of 82°c as the net energetic efficiency for growth of reproductive organs during late pregnancy, assuming that the net efficiency for maternal growth is equal to that of nonpregnant controls. The reasons for the difference between the values for sows and rats may be due to differences in animal species and in the above assumptions. Previously, we estimated the net energetic efficiency for growth in weanling rats given 20% casein diet, as 82% (4). This value is comparable to that for fetal growth.
Results on weanling and pregnant rats at least indicate that the net energetic efficiency for maximum growth of rats is about 82°c under well-nourished conditions, but do not show whether the increased net efficiency is due to pregnancy itself and/or to changes in food intake during pregnancy. These problems require further study.
